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Abstract 
To obtain real-world insights into the hearing difficulties of individuals, the field of hearing 
research has recently started to adopt ecological momentary assessment. Using this approach, 
study participants describe their experiences in real time, in their own natural environment.  
This paper describes the use of ecological momentary assessment in hearing research to date. 
Several studies have shown the approach is feasible and has good construct validity for use 
with adults with hearing impairment and/or tinnitus.  
Two recent studies conducted by the authors are described. The first study investigated the 
listening experiences of older adults with mild hearing impairment and concluded that 
ecological momentary assessment provided group and individual data which highlighted the 
between-subject variability in this clinical population. The second study investigated the 
difference that the provision of hearing aids could make for older adults with mild hearing 
impairment. The pilot study indicated that ecological momentary assessment could be 
successfully used in intervention studies to measure, for example, individual hearing aid 
benefit, which may extend beyond improved speech understanding. The study also revealed 
the potential for ecological momentary assessment as a tool for clinical practice and decision-
making. 
Ecological momentary assessment can result in a rich array of research data if specific study 
design guidelines, presented in this paper, are followed. The development of a clinical 
ecological momentary assessment tool would provide clinicians an individualized outcome 
measure and facilitate the adoption of a greater degree of client- and family-centeredness, 
thereby improving rehabilitation outcomes. 
 
Highlights  
 Ecological momentary assessment (EMA) is a methodological approach proven to be 
suitable for hearing research. 
 When designing an EMA study, adherence to suggested guidelines is important. 
 EMA also shows promise for use in intervention studies. 
 Further development of EMA into a clinical practice tool could facilitate improved 
rehabilitation outcomes. 
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1. Introduction 
Hearing research and audiology clinical practice have used both objective audiological 
assessments and self-report questionnaires to gain insights into individuals’ hearing 
difficulties for decades. However, both methods have limitations.  Objective measures, such 
as pure-tone audiometry and speech perception testing, allow for classification or 
quantification of hearing function however  testing in the laboratory or clinical setting may 
have little ecological validity (Keidser, 2016; Smeds et al., 2015) and has only a moderate 
correlation, at best, with self-reported hearing difficulties (Lutman, 1991; Timmer et al., 
2015). Therefore, self-reports measures are recommended to complement the commonly used 
audiological assessments. Self-report questionnaires typically assess the impact of an 
individual’s hearing impairment (HI) on their activity, participation or quality of life and 
numerous standardized measures have been developed. . However, of the many available 
self-report questionnaires, all require the individual to recount and generalize their memory 
and experience of listening situations important to them (Barker et al., 2015; Bray et al., 
2008). The risk of recall bias is therefore inherent in such retrospective questionnaires 
(Moskowitz et al., 2006). 
 
To overcome the disadvantages of objective audiological assessments and self-report 
measures, the field of hearing research has started to adopt a data capture approach called 
ecological momentary assessment (EMA). EMA, sometimes referred to as ambulatory 
assessment or experience sampling, asks individuals to complete a survey to describe their 
experiences in real time, in their own natural environment (Cain et al., 2009; Schwartz et al., 
1998; Shiffman et al., 2008). This could involve the use of paper-and-pencil diaries or 
electronic devices such as personal digital assistants or smartphones (Cain et al., 2009; Stone 
et al., 2007). The benefit of using electronic devices is that individuals can be prompted by 
the device to complete a survey and compliance has been shown to be higher with the use of 
such devices than with paper-based surveys (Stone et al., 2002b).  
 
EMA has been used in various health science disciplines to investigate a wide range of 
conditions such as fatigue (e.g., Curran et al., 2004), chronic pain (e.g., Garcia-Palacios et al., 
2014), substance addiction (e.g., Serre et al., 2015), eating disorders (e.g., Goldschmidt et al., 
2014) and depression and anxiety in older adults (e.g., Moore et al., 2016; Ramsey et al., 
2016). Several papers have pointed out the rich data that EMA can collect and the insight it 
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can provide into within-subject and between-subject variability as well as analysis of both 
group and individual data (Hedeker et al., 2012; Ramsey et al., 2016; Stone et al., 2007). 
These benefits suggest that EMA could be suitable for use in hearing research. 
2. The use of ecological momentary assessment in hearing research 
An early use of EMA in audiology was reported by Jensen et al. (2005). Their study involved 
a group of 18 experienced hearing aid (HA) wearers with mean age of 58 years and moderate, 
symmetrical HI. The participants were asked to make a recording of specific listening 
situations encountered in their everyday life. They were also asked to rate the importance of 
the recorded listening situation to them, as well as their subjective hearing difficulty at that 
time. Unfortunately it is difficult to interpret the findings because of limited reporting of 
detail. For example, the participants completed, on average, 18 surveys each but the period of 
data collection is not reported nor is the length of time of each recording. Therefore, while it 
is an early adoption of EMA in hearing research, the Jensen et al. (2005) study may not have 
adopted the same EMA approach that later hearing research studies did.  
More recent studies involving the use of EMA in hearing research have investigated the 
experiences of individuals with tinnitus (Henry et al., 2012), the communication difficulties 
of HA users (Galvez et al., 2012), differences in HA performance (Hasan et al., 2014) and 
individual hearing difficulty in various listening situations (Timmer et al., 2017; Wu et al., 
2015). All these studies adhered to the EMA guidelines outlined in Table 1  and the majority 
(Wu et al. (2015) being the exception) used electronic devices to house the surveys and 
prompt participants. 
Henry et al. (2012) reported a pilot study assessing the feasibility of EMA with a group of 
participants with chronic tinnitus. Over a 2-week data collection period, the 24 participants 
with a mean age of 57 years were tasked with completing an EMA survey on a personal 
digital assistant in response to an alert timed to occur four times a day. The EMA survey 
incorporated questions regarding their activity, location and mood as well as the screening 
version of the Tinnitus Handicap Inventory (Newman et al., 2008). Henry et al. (2012) 
concluded that EMA is indeed feasible, that participants provided positive feedback about the 
methodology and that participant compliance, at 90% (1210 completed surveys of a possible 
1344), was high. The research team also concluded that EMA had provided outcome data that 
retrospective questionnaires could not provide as the latter do not reflect daily fluctuations in 
tinnitus (Henry et al., 2012). 
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Using the same methodology as Henry et al. (2012), Galvez et al. (2012) investigated the 
feasibility of using EMA with a group of 24 HA wearers with a mean age of 60 years. Again 
participants were alerted to complete a survey four times a day, over a 2-week data collection 
period. At each alert they were asked to report if they had experienced a hearing problem 
since the last alert and if so, give further details about the listening situation. The study 
demonstrated the EMA approach was feasible with this clinical population and participant 
compliance was reported as 77%. Galvez et al. (2012) concluded that the use of EMA had 
distinct advantages, such as the ability to obtain real-life outcome measures, and reflect 
within- and between-day variability in outcomes. 
 
A further study of HA wearers was conducted by  Hasan et al. (2014) with 19 adults over the 
age of 65 years, with bilateral mild to moderate HI and varying levels of HA experience. The 
study was particularly interested in the relationship between HA outcomes, HA features and 
the participants’ listening situations. Participants used a mobile phone to provide details 
about the listening activity and location as well as rate their speech understanding and 
listening effort in their everyday listening situations. Surveys were either triggered by a 
randomized alarm in the phone or were self-initiated.  Participants collected this data over six 
1-week periods, starting with a 1-week training session and with each subsequent week 
having a different HA condition (unaided, entry level HA with noise cleaning features turned 
off, entry level HA with noise cleaning features turned on, premium level HA with noise 
cleaning features turned off and premium level HA with noise cleaning features turned on). 
Hasan et al. (2014) concluded based on linear modelling that it was possible to predict HA 
outcomes based on listening situation and HA features, with an accuracy of 78%. 
 
Wu et al. (2015) conducted two studies focused on the construct validity of EMA in 
audiology research.  The first study aimed to investigate how accurately 12 participants could 
self-report their speech recognition in noise and how accurately they could report listening 
context. Correlations between self-reported and measured speech recognition were very high 
(0.94 to .97) and accuracy of reporting of listening context (participant ratings were 
compared to those of two observers) was also high for conversation location, carpeting and 
reverberation (74-95%) but lower for noisiness ratings (58%). The second study aimed to 
investigate relationships between EMA survey data, HA use and objective noise 
measurements in the real world.  A sample of 27 participants with a mean age of 66 years 
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filled in surveys about their listening experiences as many times as possible over a 1-week 
period. Twenty of the participants were experienced HA users, 7 participants did not wear 
HAs. The study compared subjective ratings of noisiness to objective noise dosimeter data 
and found adults with HI could describe their listening experiences and the acoustic 
environment with reasonable accuracy. Wu et al. (2015) summarized that EMA can measure 
what it intends to measure and hence has construct validity in hearing research.  
 
Thus, previous research indicated the feasibility and construct validity of EMA for studies of 
adults with tinnitus and with mild to moderate HI.  We further investigated feasibility and 
construct validity of EMA but with adults with bilateral mild HI (Timmer et al., 2017).  We 
defined mild HI to be a four-frequency average (4FAHL) between 20 and 40 dB HL, 
averaged across 500, 1000, 2000 and 4000 Hz. Our focus was on this population since we 
identified a paucity of evidence about the everyday difficulties of those with mild HI and they 
therefore present a clinical challenge in that it is not always clear whether or not they need 
intervention such as HAs (Timmer et al., 2015).    
 
Our study included 29 participants (mean age = 69 years) who did not own or wear HAs. The 
participants completed an EMA survey over a 2-week data collection period. Participants 
were alerted to complete a survey as a result of either a time-based or sound environment-
based alert but were also able to trigger a survey themselves. The EMA survey included 
questions about the listening situation and environmental acoustic characteristics. The study 
took a broader view of hearing performance beyond speech understanding and asked 
participants to also rate their listening effort and how their hearing difficulties were affecting 
their everyday listening situations. Listening effort and impact of hearing difficulties were 
also dimensions in the Hasan et al. (2014) study, however, these ratings were collapsed and 
used to compare performance between various HAs and features. We demonstrated the EMA 
approach to be feasible, and reported high participant compliance (93%). Compliance was 
calculated as the total number of surveys completed (1128) out of a target of 1218 surveys 
(29 participants, 3 surveys per day per participant, over a 14 day data collection period). To 
investigate the construct validity of the EMA approach, a Spearman's correlation assessed the 
relationship between the objective environmental loudness measured through a HA classifier, 
and participants’ rating (quiet, somewhat noisy, noisy or very noisy).of the overall noisiness 
of the listening event There was a moderate positive correlation between measured loudness 
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and subjective noisiness ratings, which was statistically significant, rs = .6385, p < .0001, 
therefore showing robust construct validity.  
 
A commonality in the findings of Hasan et al. (2014), Wu et al. (2015) and Timmer et al. 
(2017) was that the participants’ most common listening situations were in the home, either 
in conversation with three or fewer familiar speakers or listening to TV or radio. These could 
be deemed as simple, or non-complex listening situations, in which many individuals with 
mild to moderate HI could understand speech well. All three studies, however, noted 
considerable individual variation in listening situation and subjective ratings of speech 
understanding or hearing performance. In the Timmer et al. (2017) study, the effect of 
listening effort on overall hearing performance for the older adults with mild HI was 
particularly evident. Participants reported high levels of subjective speech understanding and 
in 91% of their 962 speech-listening events they rated their percentage understanding of 
speech as either 75% or 100%. However, in 67% of their speech-listening situations, 
participants reported that listening effectively required effort. These results highlighted that 
ratings of listening effort should also be seen as separate to self-reported speech 
understanding, a finding also reported by Picou et al. (2013).  
 
In summary, EMA has been demonstrated to be a feasible methodology in gaining insight 
into the real-world hearing challenges of adults with HI. Future research would be well-
served to investigate the use of EMA in determining intervention candidacy and outcomes. 
3. The use of EMA in intervention studies 
We have recently completed a pilot study of the use of EMA for the measurement of hearing 
aid outcomes and have obtained promising results (Timmer et al., in press). The study sought 
to answer two research questions: 1) Can EMA be used to measure differences in 
performance with and without HAs in older adults with a mild HI? and 2) Can HAs provide 
benefit for adults with a mild HI in daily life, as measured by EMA? A single-subject 
experimental design was used with ten participants (mean age = 70 years). The participants’ 
mean 4FAHL was 27.5 dB HL in the right ear and 29.6 dB HL in the left ear, none had any 
HA experience and none reported bothersome tinnitus. Participants were asked to complete 
an EMA survey at least 3 times per day, over a 4-week data collection period. The EMA 
survey included questions about the listening activity, the acoustic environment and asked 
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participants to rate their hearing performance in terms of speech understanding, listening 
effort, hearing difficulties hampering communication and listening enjoyment. During the 
first week (baseline phase), the participants were not provided HAs and were asked to 
complete at least 3 surveys a day. Participants were then fitted with bilateral open-dome, 
mini-BTE HAs and asked to continue filling in the surveys every day for 2 weeks 
(intervention phase). During the final week (withdrawal phase), the participants were 
instructed to not wear the HAs but continue filling in at least 3 surveys per day. The results 
showed participants did report differences in hearing performance with and without HAs. On 
average, participants reported significantly better speech understanding and less listening 
effort with HAs compared to without HAs. Furthermore, when wearing HAs, participants 
reported they were significantly less hampered by their hearing difficulties and had greater 
enjoyment of listening events.  
 
The use of EMA in this pilot study allowed for the exploration and quantification of 
individual as well as group HA benefit, by means of effect size calculations (Timmer et al., in 
press). Overall group HA effect size on all four communication dimensions (speech 
understanding, listening effort, hampered communication and enjoyment of listening events) 
was small to medium (d = 0.76, 95% CIs = 0.37–1.20) although individual participant 
variations in effect size were evident (Fig 1). For example, one participant reported only a 
little benefit from the HA in terms of speech understanding, but significantly more benefit in 
terms of reduced listening effort. Another participant reported moderate benefit from the HA 
in improved speech understanding but strong HA benefit in terms of greater enjoyment of 
listening events.  
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Fig. 1: Individual effect size on four hearing performance dimensions showing 
variability in HA benefit for all ten participants. The shaded areas labelled small, medium 
and large correspond to the ES benchmarks from Johnson et al. (2016). 
 
There was no correlation between the participant’s 4FAHL and the measured effect side 
(benefit) from the HAs. 
To further investigate the use of EMA in audiology intervention studies, a more extensive 
intervention trial, such as with a greater number of participants and longer use of HAs, is 
warranted. 
4. Research implications 
Although the use of EMA in hearing research is still in its infancy, research to date shows 
good participant acceptance and compliance with the approach. The quality of EMA studies 
can be optimised when best practice guidelines are followed (Shiffman et al., 2008; Stone et 
al., 2002b). Table 1 offers a synopsis of these EMA best practice guidelines, adapted from 
several studies in other health disciplines (Burke et al., 2017; Liao et al., 2016; Piasecki et al., 
2007; Shiffman et al., 2008; Stone et al., 2002a; Stone et al., 2003; Trull et al., 2009).  
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5. Clinical implications 
Audiological rehabilitation for adults should include both real-world evaluations of individual 
listening experiences and individualized outcome measures. EMA has been shown to be a 
valid approach for collecting such evaluations. Most of the hearing research EMA studies 
cited in this review used a mobile device or smartphone to collect data. However, the current 
EMA systems were developed for research purposes and as Kahneman et al. (2004) and 
Moskowitz et al. (2006) point out, place a higher participant burden on individuals than 
clinical tools should.  
For EMA to mature into a useful clinical tool, the creation of a user-friendly EMA mobile 
application (app), easily installed either by the client or clinician should be developed. The 
app could contain an individualised survey based on the shared goals set by the client, family 
and clinician and should assess dimensions of listening experiences beyond speech 
understanding alone. Survey responses could be recorded by both the client and his or her 
family and the responses shared with the clinician in real time.  The app could then be an 
integral tool in measuring intervention outcomes such as HA benefit. EMA may also be used 
to measure outcomes of other intervention options, by, for example, measuring individuals’ 
listening experiences and self-rated hearing performance before and after the provision of 
communication programs, cochlear implants and assistive listening devices.  
The use of mobile devices and apps by health professionals in fields other than hearing care 
has been shown to support better clinical decision-making, greater engagement and improved 
patient outcomes (Ventola, 2014). As Tognola et al. (2015) point out, hearing health care is 
undergoing a digital transformation with the increased use of eHealth technologies such as 
mobile apps. With the increase in smartphone and mobile device ownership in all age groups 
(Pew Research Center, 2015), hearing health care is well-positioned to harness the benefits 
that mobile apps can provide. Such apps would offer great potential for hearing rehabilitation 
in the age of digital transformation and allow clinicians to adopt a greater degree of client- 
and family-centeredness, thereby improving rehabilitation outcomes.  
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Table 1: Suggested guidelines in EMA study design 
Aspect Consideration Suggested guideline 
Reactivity  Reactivity refers to the concept that observing a 
behaviour or experience has the potential to affect that 
experience. EMA data should be checked for signs of 
reactivity.  
Measure for reactive effects before and after the EMA data 
collection period, e.g., by means of self-report questionnaires. 
Compliance Missing surveys or assessments could bias the obtained 
sample of experiences, and paper-and-pen surveys or 
diaries could be backfilled or falsified. Therefore 
participant compliance should be assessed against the 
original study protocol and should be high.  
Daily mailing of paper-and-pencil diaries; use of electronic 
devices such as smartphones with time- and date-stamp; regular 
monitoring of, or contact with, participants; time- or event-
based prompts to alert participants to complete a survey. 
Acceptance 
and feasibility 
The methodology should be applicable, useable and 
accepted by the study sample. 
Pilot testing; evidence of feasibility from literature with similar 
participants; appropriate choice of survey device; sufficient 
participant training and instruction. 
Participant 
burden 
As the EMA approach does place more burden on 
participants (compared to, e.g., retrospective self-report 
surveys), the surveys, sampling density and data 
collection period should minimise participant burden as 
well as be appropriate to the behaviour or experience 
being observed.  
In general, surveys should contain no more than 20 questions or 
items, and be able to be completed within 5 minutes. The data 
collection and sampling density should ensure sufficient data is 
collected without being too burdensome (3-5 surveys per day, 
2-4 weeks is a common EMA data collection period). 
Data analysis Data from an EMA study typically contains many 
observations from each subject, with large variations in 
number and timing of observations between subjects.  
Using mixed or random effect modelling or multilevel analysis. 
Reporting 
results 
Standardizing the reporting of EMA studies will provide 
a framework for conducting and interpreting future EMA 
studies. 
Use of a reporting checklist such as the Adapted STROBE 
Checklist for Reporting EMA Studies (CREMAS). 
Adapted from Burke et al. (2017), Liao et al. (2016), Piasecki et al. (2007) Shiffman et al. (2008), Stone et al. (2002a), Stone et al. (2003) and 
Trull et al. (2009). 
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